in the hexamer is probabilistic, and not held to a particular firing order as prescribed by concerted or sequential models ( Figure 2 ). As the authors point out, this mechanism is also well suited to the biological properties of the system. When an unfolded polypeptide chain is translocated through the hexameric ClpX ring, each segment of the substrate is conformationally and chemically unique and may be located anywhere in the ring. At any given time, one ClpX subunit may be better positioned than another to interact with the substrate. As the enzyme need not follow a specified firing order, the subunit best positioned to interact with the substrate can hydrolyze ATP, driving that particular round of unfolding and translocation.
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Almost every year new discoveries increase one's appreciation of the behavioural sophistication of ants and bees, making one wonder how the cognitive capacities of these small-brained animals measure up to those of much larger-brained mammals. Studying cognitive capacities is particularly informative within a behavioural domain, such as navigation, where different species do roughly similar things. A paper by Wehner and colleagues [1] , published recently in Current Biology, introduces an interesting new method for asking how flexibly ants use landmark memories when navigating within familiar terrain.
Habits often mask behavioural flexibility. On our habitual route to work. we tend to perform, as if in a trance, a sequence of stereotyped actions that are often cued by landmarks along the route. Should we be stopped for directions mid-route, then we may wake up and, as we formulate a reply, become aware of the many types of spatial memories that we have at our disposal, but which are normally masked while we follow our route. By pointing in the direction of the requested location, we can communicate its position relative to where we are. Or we can give a sequence of instructions that describe a route to the location, possibly choosing between several routes. Such route instructions, moreover, are (Figure 1) . Bees trained to one location were captured on leaving the hive and released at their non-trained location to see whether they flew along the shortcut to their trained feeder. The choice of release sites ensured an asymmetry in the visual cues available to the released bees. From the high release site the bees could look down on landmarks surrounding their low-lying trained feeder. While a minority followed the compass cues from the hive or took a path back to the hive, the majority did indeed take the shortcut.
In contrast, from the low-lying release site, bees could not see the landmarks surrounding the highlocation feeder to which they had been trained. These foragers did not take the shortcut: the majority flew in the compass direction they would have taken from the nest (showing that they retained a foodward motivation), while a sizeable minority took the route back to the hive (showing that they recognised the landscape, but used landmark features in a home-motivated fashion). With pre-training to the low-lying feeder location all bees followed route-cues back to the hive. Displaced ants on release performed a search that was partly biased by landmarks, and which led some of the ants to encounter their homeward route. The majority of these ants then joined the route and, as would be predicted [10] , followed the route cues home. Most significant is what the ants failed to do while searching, as these failures indicate memories that the ants either have not acquired or do not use.
The first notable thing that the ants did not do was to take a direct path back to the nest ( Figure 2B ). One kind of memory that would have allowed them to take this shortcut is a landmarkassociated path integration memory. Path integration is the process by which ants and bees keep track of their position with respect to their start point at the nest -not by means of landmarks, but by integrating their path as indicated by their sky compass and some kind of odometer [11] . Using the results of its path integration, an ant or bee can return from any position it has reached in a direct line to its nest without knowledge of the terrain it covers. Insects could make their navigation more versatile by storing path integration states at prominent locations and associating these path integration memories with landmark memories [12] . The recall of a path integration state when an animal is displaced to a familiar site could then allow the animal to produce a direct path to any location with stored path integration coordinates.
That Melophorus did not take the shortcut when displaced to a location on their familiar one way circuit [1] is consistent with experiments on another desert ant, Cataglyphis fortis. These experiments tested whether familiar landscape features along a route can reset the state of an ant's path integrator. There was no sign of resetting either on the way to the feeder [13] , at the feeder [14] , at prominent landmarks on the way home [14, 15] , or at the nest [16] . Rather than being used in association with landmark memories, path integration appears to be reserved as an independent source of information about a forager's position based only on movement information from the current trip.
The second notable thing that the ants did not do was to retrace their food-ward route back to the nest (Figure 2B) [17] . Second, it is not always straightforward to decide whether experimental results can be safely accepted as evidence for or against map-like representations. It is hard to refute the possibility that apparently 'map-like' behaviour [18] can be explained by direct visual guidance through cues belonging to a learnt route [9] . Equally, it is difficult to discount the possibilities that insects showing no map-like behaviour either have too little experience to acquire positional memories (individuals may take longer to acquire maps than routes), or too much route experience to use them. While one could argue that in Wehner et al.'s experiment [1] the ants had not explored the interior of the foraging circuit and so had no opportunity to incorporate the landmarks there into a general landscape memory, the same argument could not be applied to the ants' failure to reverse their familiar food-ward route. Instead, the ants seem to limit the use of landmark memories to recognising goals or triggering procedural instructions for following routes [ 3,4,10,14] .
The third notable thing that the homebound ants mostly failed to do was to follow the food-ward route ( Figure 2B ). In contrast, when these ants hit the homeward route, the majority joined it immediately and followed it all the way to the nest. In this case, the ants' motivational state determines so strongly which landmarks the ants use that most home-motivated ants ignore the food-ward route entirely. In a study with the two routes closer together, displaced homemotivated ants had the opportunity to choose between the routes; they then joined their homeward route in preference to the food-ward one [10] . That such a preference can be triggered by motivational state is borne out by experiments on wood ants showing that visual memories for the ant's homeward or food-ward route can be primed selectively simply according to whether or not the ant has fed [19] .
The segregation of memory-use according to motivational state makes good sense. Often foodward and homeward routes are intertwined so that an insect that did not prime memories according to motivational state might well retrieve the memory for the wrong route and so be guided in the wrong direction. Ants seem not to be misled in this way. Similarly, on our way to work we may pass the pub that we will visit on our way home. In our hurry we may or may not notice the pub, but we will certainly not stop and go in. In humans, such motivational priming will probably influence whether we notice a landmark, the recognition of the landmark, as well as the triggering of any actions associated with the landmark. In this respect, insects and humans may not greatly differ. Nonetheless, big brains undoubtedly have their uses, even for navigation.
